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COMPOUNDS FOR THE TREATMENT OF RESTENOSIS 

The present invention is concerned with compounds having use in the prophylaxis or 
treatment of restenosis. In particular, the invention relates to the use of these 
compounds in the manufecture of medicaments for the prophyiaas or treatment of 
restenosis, to medicaments obtained thereby, and to a method for treatment to prevent 
or alleviate restenosis "i^n g the compounds of the invention or a medicament c ontaining 
said compounds. 

Restenosis can occur following a number of surgical techniques, for example, transplant 
surgery, vein grafting, coronary by-pass grafting and, most commonly, follpwng 
angioplasty. 

Angioplasty is a surgical technique wherein atherosclerotic stenoses in the peripheral, 
renal and coronary vasculature are opened up by compressing and/or tearing the plaque 
on the vessel walls, typically by means of a pressurised balloon catheter. Unfortunately, 
in 25 to 50 % of cases, particularly those involving the coronary vasculature, the treated 
vessel restenoses within a few months so that the operation must be repeated. 
Alternatives to the balloon catheter, such as pulsed lasers and rotary cutters, have been 
developed with a view to redudng or preventing restenosis foDowing anpoplasty, but 
have met with limited success. A number of drugs induding anti-coagulants and 
vasodilators have also been tried with disappointing or equivocal results. 

There is now a strong body of evidence, from work done both in vitro and in wvo, 
nHirai4ng that restcuosis is a multi&ctorial process. Several cytokines and growth 
&ctor5, acting in concert, stimulate the migration and prolifintion of vascular smooth 
muscle cells (SMC) and production of extracellular matrix material, wfaidi accumulate 
to occhide the blood vessel. One growth &ctor in particular, platdet-dcrived growth 
factor (PDGF), is a potent mediator of SMC proliferation and migration. 

Several observations place PDGF in a central role in the restenosis process and suggest 
that an mhibitor of PDCff action would be therapeutically usefiil. One approach to 
blocking PDGF action is to inhibit at the level of the PDCT receptor. It is now clearly 
established that the intrinsic tyrosine kinase activity of the PDCff recqrtor is absohitdy 
required for FDGF-dependent SMC proliferation and migration. Therefore, inlubiting 
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PDGF receptor tyroane kinase activity would be expected to block the biological 
efifects of PDGF and reduce the extent of restenods. 

We have now identified a class of compounds which are inhftitors of the platelet- 
derived growth fector receptor (PDCffr) tyrosine kinase. 

Patent appUcations WO 93/18766 and WO 95/07910 disdose mdole derivatives and 
thdr use in medical therapy. It is these compounds which we have now found to be 
usefiil in the prophylaxis or treatment of rest«ioas. 

According to the present invention, there is provided use of compounds of formula (T) 




(D 



wherein: 

r1 and are independently sdected fiom: 
-H. 

-0R6 -C0r6. -C02R^. 

where is Ci_6 alkyl, C3.7 cydoalkyl. aiyi (for example phenyl), arylalkyl 
(for example benz^ C2-6 alkenj^ or H, 

-NR7r8 

where r7 and R^ are mdependently selected from H, -COR^ (where R^ is as 
defined above), Ci^alkyl. Ca.Tcydoalkyl, aryl, and arylalkyl, or R^ and r8 
together with the N atom to vMdi they are attached fiwm a 3-, 4-, 5- or 6- 
membered hcterocy(£c ring (for example piperidine, pyrroEdine) in vAsich from 
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1 to 3 of the caibon atoms are replaced by heteroatoms independently selected 
from O, N and S (for example, morpholino, piperazine) i^cb ring may where 
possible be partiaUy or completely unsaturated, and 

-Ci^alkyl, C2^alkenyl, Cs.gcydoalkyl, 

where the alkyl, alkenyl or cycloalkyl moiety may be optionally substituted by 

one or more substituents selected from: 

halogen, cyano, nitro, azido, 

.0R6, -SR6, -S02R^ (where is as defined above), 

-NR7r8, -T-CCZ^NR^r* (where T is NH or S, Z is NH, S or 0 and R^and 

rS are as defined above), 

heterocycle, -NH-heterocycle, heteroaryl, and aryl (for example phenyl, 
pyridyl, fiiryl, thienyl, pyrrole, naphthyl) optionally substituted by one or more 
substituents selected from -OR^. -NR^rS, -SR^. .SO2R6, -CO2R6, nitro, 
cyano, SCN, Ci^alkyl, Cs^cycloalkyl, haloalkyl (for example 
trifluoromethyl), hydroxylalkyl, -CONH2, halogen and methylenedioxy, (where 
r6 and R^ are each as defined above); 

r3 is selected firom: 

-H, 

-COR^ -CH2OR6, -C02R^ -0R6 (where R^ is as defined above), 

-NR'^R*, and .CH2NR'^R8 (where R^ and R^ are as defined above); 

R'^ and R^ either together with the caibon atom to which they are attached fisrm a 
carbonyl group (>=0) or R^ is H and R^ is selected from H, -OR^and -SR^. (where 
r6 is as defined above); 

A and B, whidi may be the same or different, together with the carbon atoms to T^ch 
they are attached each rqjresent a phci^ ring in vMoh fiom 1 to 3 caibon atom(s) may 
be replaced by nitrogen atom(sX the nitiogai atom(s) bemg optionally substituted with 
an onde group; 
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A and B are optionally substitirted by one or more ring substituent(s) selected from: 

^1 galkyl optionally substituted by -0R6 (where r6 is as defined above), halogen 
(for example trifluoromcthylX or -NR'^R^ (where and r8 are as defined 
aboveX 

cyano, nitro, halogen, methylenedioxy, 

-0R6 -SR6 .S0R6. -SO2R6. -CO2R6. -NHC0R6 
(where R^ is as defined above), 

-S02NR''R^ -NHSO2R8 -CONR7r8, and-NR^Rg 
(where R^ and R^ are as defined above); 

provided that when A and B together with the carbon atoms to which they are attached 
both represent a phenyl ring r3 is not -CH2OR6 or -CHiNR^rS and rings A and B are 
not substituted by -NHCOR^. (where r6, r7, and r8 are as defined above); 

or a physiologically functional derivative thereof or a solvate of any thereof fiar use in 
the manu&cture of a medicament for the treatment or prophylaxis of restenosis. 

Preferred compounds of fonnula (I) are as defined above wherein R^ is hydrogen and 
r4 and R^ together with the carijon atom to ^ch they are attached form a carboi^ 
group; or a physiolo^cally fimctional derivative thereof or a soWate of any thereof 

Further prefencd compounds of formula Q are as defined above wherein ring A and B 
together with the cari)on atoms to -wrtricA they are attadied botii rqwesent a phenyl ling 
or one of A and B leprcsents a phenyl ring and the other represents a pyridyi ring fiised 
at the 2- and 3- positions; or a physiologically fimctional derivative thereof or a soWate 
of any thereto 

Preferred compounds of fonnula (I) indude: 



CO i2^2,3-Dihydroj^-l-propji)-12,13-diltydro-5H-indolo[2,3-a]pyiTolo[3,4- 
c]caibazoie-S,7(dH)-dion^ 
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Oi) 12,13-r>ihydro-3,9-dimethoxy-5H-mdolo[2,3-a]pyrroIo[^ 
5,7(6H)-dione; 

Ciii) 12, 13-Dihydro-3,9-dihydroxy.5H-indolo[2,3-a]pyn-olo[3,4-c]ca^ 
5,7(6H)-dione; 

(iv) 13-Ethyl-12J3-dihydro-5H-mdolo[2,3-a]pyrTolo[3,4-c^ 

dione; ^ 

(v) 12-<3-Ammopropyl)-12,13-^iihydro-5H-mdolo[2,3-a^ 
5,7(6H)^one; 

(vi) 13H-12.Ethylpyrido[2^3':2,3]pyn-olo[2,3-a]pyrrolo[3,4-c]car^ 
dione; 

(vii) 12, 13-Dihydro-pyrido[2\3^2,3]pyrTolo[3,4H;]carbazole-5.7(6H)-di^ and 

(viii) 12-(3-Pn}paiiaimde)-1243-dihydro-5H-mdolo[2,3-a]pyTO 
5.7(6H)-dione; 

and physiologically functional derivatives thereof and solvates of ax^ thereof 

Certain compounds of formula (I) as defined above are new compounds and represent a 
fiirther feature of the present invention collectively as conq}ounds of formula (lA) 
wherein: 

RlisHandR2is: 
-C2^alkyl 

optionally substituted by one or more substituents selected firom: 
-OR^, halogen, cyano, and -NSTk^*, 
where R^ is Cj^alk^ C2-6alkenyi, or H, 
v/bsre B7is H and R*' is Ci^all^ 
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R^isH; 

r4 and r5 together with the caibon atom to which they are attached fonn a carbonyl 
group (>=0); 

A and B together with the carbon atoms to which they are a tt a ch ed each represent a 
phenyl ring optionally substituted by one or more ring sub5tttuent(s) selected from: 

-0R6'. -C02R^' (where R^' is as defined above), 
cyano, nitro, 

-Ci^alkyl optionally substituted with -OR^' (where R^' is as defined above), and 
-m7"R8" 

where R*^ and R^" are independently selected torn H and C Malkyl; 

provided that when A and B are both unsubstituted phenyl rings R^ is not etlqrl or 2,3- 
dihydroxypropyl; 

or a physiolopcally fimctional derivative thereof or a solvate of any thereof 

Preferred conqjounds of formula (lA) arc as defined above ^cre at least one of the 
phenyl rings A and B is substituted by one or more substituents as defined above. 

Further preferred compounds of formula (lA) are as defined above where ring A is 
substituted at cither position 2 or 3, or both, and/or ring B is substituted at other 
poation 9 or 10, or both. 

The exact position of substxturats on ring A and B defined above can be 
detCTuned by rderence to the illustrative structure pven below. 
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Preferred compounds of formula (lA) include: 

(i) i2.Ethyl-12,13-dihydro-10-amino-5H-indolo[2,3alpyrrolo[3,4c]ca^ 
5,7(6H)-dione; 

(ii) 12-EthyH2, 13-dihydro-10-carboxy-5H-indolo[2,3a]pyrrolo 
5,7(6H)-dxone; 

Ciii) 12-Propyl-12,13-dfliydro-5H-mdolo[2,3a]pyirolo[3,4clcarbazol^ 
dione; 

(iv) l2-(2,2,2-Trifluoroethyl)-12,13-dihydro-5H.indolo[2,3a]pyrrolot3.4c^ 
carbazole-5,7(6H)-dione; 

(v) 12K3-HydroxypropyI>12J3-dihydro-5H-mdolo[2,3a]pyiTolo[3,4c] 
carbazole-S,7(6H)-dione; 

(vO 12-(2,3-Dihydroxybutyi>12, 13-dihydro-5H-mdolo[2,3a]pyrrolo[3,4c] 
carbazole-S,7(6H)-dion^ and 

(vii) 12K13-Acetoxyprppyi)12,13-dmydro-5H-mdolo[2,3a]pyrrolo[3,4^^ 
5,7(6H)-dione; 

and physiologically fimcdonal derivatives thereof and solvates of any thereof. 
Further features of Ae invention indude: 

(i) A compound of formula (lA) or a physiologically functional derivative thereof 
or a solvate of any thereof for use in the treatment or prophylaxis of restenosis. 

(u) The use of compounds of formula (lA) or a physiologically fimctional derivative 
thereof or a solvate of any thereof in the manu&cture of a medicament for the 
prevention or treatment of restenoas. 

As used herein, the term "alkyl" as a group or part of a group means a straig^ or 
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branched chain alkyl group. Such alk^ groups preferably have from 1 to 3 carbon 
atoms. As used herein, the term "aiyl" as a group or part of a group includes phenyl, 
pyridyl, naphthyl, pyrrolo, thienyl, fiuyl the term heteroaryl includes a 5- or 6- 
membered ring where from 1 to 3 atom(s) are selected from N, 0, and S, optionally 
fused to an aryl ring (for example quinolyl, isoquinolyl, benamidazolyl. benzotriazolyl, 
benzothienyl, benzoxazolyl, bcnzothiazolyl etc.). and the term heterocycle includes a 5- 
or 6- membered ring where from 1 to 3 carbon atom(s) are replaced by atom(s) 
selected from N, O, and S (for example mprpholine, pyrrolidine, piperidine, piperazine) 
which may be partially or completely saturated. 

Preferred esters in accordance with the invention mchide carboxylic add esters in which 
the non-carbonyl moiety of the carboxylic acid portion of the ester grouping is selected 
from straight or branched chain alkyl (for example, methyl, n-propyl, t-butyl, or n- 
butyl), cycloalkyl, alkoxyalkyl (for example, methoxymethyl). aralkyl (for example, 
benzyl), aryloxyalkyl (for example, phenoxymetiiyl), aryl (for example, phenyl 
optionally substituted by, for example, halogen. Cm "•^y^' °^ ^1-4 alkoxy), or amino; 
sulphonate esters, such as alkyl- or aralkylsulphonyl (for example, methanesulphonyl); 
amino add esters (for example, L-val^ or L^soleucyl); and mono-, di-, or tri-phosphate 
estos. In sudi esters, unless otherwise spedfied, any allqd moiety present 
advantageously contains from 1 to 18 carbon atoms, particulariy from 1 to 6 carbon 
atoms, more particularly from 1 to 4 carbon atoms. Any cydoalkyl moiety present in 
such esters advantageously contains from 3 to 6 carbon atoms. Any aryl moiety present 
in such esters advant^eously comprises a phenyl group. Any reference to any of the 
above compounds also indudes a reference to a phannacaitically acceptable salt thereof 
and to a solvate of any thereof 

Exan4>les of pharmaceudcaify acceptable sahs of the confounds of formula C9 and 
physiologically fonctional derivatives thereof indude salts derived from an appropriate 
base, such as an alkali metal (for exanqple, sodhun), an alkaline earth (for example, 
magnesium), ammonium and MX4''' (wherdn X is Ci-4alkyl); sahs derived from an 
appropriate add, for example, organic carboxylic adds such as acetic, lactic, tartaric, 
malic, isethionic, lactobionic and succinic adds, organic sulphonic adds, such as 
methanesulphonic, edianesulphonic, benzenesulphonic and p-tohienesulphonic adds, 
and inorganic adds, such as hydrochloric, sulphuric, phosphoric and sulpfaamic adds. 
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As used herein, the tcnn "physiologically fiinctional derivative" means a chemical 
derivative, for example a physiologically acceptable salt, ester, or salt of such ester, of a 
compound of formula (I) or (lA) which has the same physiological fiinction as the free 
compound of formula (I) or (lA). for example, by being convertible in the body to the 
free compound of formula (I) or (lA) or an active metabolite or residue thereof 

The present invention fimhcr includes a method for the tr^tment of a mammal, sudi as 
a human, to prevent or alleviate restenosis, for example, restenosis following 
angioplasty which comprises the administration of a ther^eutically effective amount of 
a compound of formula CD or (lA) or a physiologically fimctional derivative thereof or a 
solvate of any thereof 

For brevity, the term "a compound of the invention" is used hereinafter to describe a 
compound of formula (I) or (lA) or any of its physiologically functional derivatives, or 
solvates of any thereof 

The amount of a compotmd of the invention required to achieve a therapeutic efiEect 
will, of course, vary with the spedfic compound diosen, the route of administration, the 
subject imder treatment, and the particular condition vMch is to be prevented. A 
suitable daily dose for a tnamTnal is in the range O.S to 120mg of compound/kilogram 
bodywdght, the preferred daily dosage being 2 to 60mg/kg, which may be administered 
as two or more sub-doses daity. f 

While it is possible for a compound of the invention to be administered alone, it is 
preferable to present it as a pharmaceutical formulation comprising the compound of 
the invention in association with a pharmaceutically acceptable carrier or exdpient and, 
optionally, one or more other therapeutic ingredients. The present invention, therefore, 
also provides pharmaceutical formulations for use in Ae prophylaxis or treatment of 
restenosis, for example, restenoas following angioplasty containing a compound of 
formula (I) or (lA) or a pfaysiolo^cally fonctional derivative thereof or a solvate of any 
thereof) at least one pharmaceutical carrier or exdpient and, optionally, one or more 
other therapeutic ingredients. 

The pharmacmtical carrier or exdpient must, of course, be compatible with the other 
ingredients in the formulation and must not be detrimental to the patient. The active 
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ingredient may comprise from 0.1% to 99.9% by weight of the formulation. Typical 
unit doses of a pharmaceutical formulation accorcUng to the invention contain from 1 to 
ISOOmg and preferably from 10 to 700mg of the active ingredient. 

Pharmaceutical formulations according to the invention may be adapted for 
administration by oral or parenteral Cn^duding intravenous, intradermal or 
intramuscular) routes, or may also be administered during the surgical procedure via an 
angioplasty cannula (for example, a l-50mg dose); by this means the formulated drug is 
introduced at the site of the an^oplasty through perforations in the balloon catheter 
used to open up the atherosclerotic stenosis. In a further mode of administration, the 
resulting restenosis may be "held open' by means of a tubular stent which may be 
impregnated with a compound of the invention \^ch gradually leaches into the site of 
the ax^oplasty. 

Pharmaceutical , formulations of the invention may conveniently be presented in unit 
dosage form and may be prepared by any method known in the art of pharmacy. Such 
methods mchide the step of brinpng the active ingredient into assodalion with a carrier 
^r cxdpicnt and, optionally, containing one or more accessory ingredients. In general, 
pharmaceutical formulations are prepared by uniformly and intimatdy bringing the 
active ingredient into association with a liquid carrier or a findy divided solid carrier, or 
both, and then, if desired, shaping the product into the required fornL 

Pharmaceutical formulations adapted for oral administration may be in the form of 
discrete units such as capsules, cachets, tablets, or lozenges, eadi containmg a 
predetemined ainount of the active ingredient; in the form of a powder or granules; in 
the form of a sohition or suspension in an aqueous or non-aqueous liquid; edible foams 
or whips; or m the form of an oiWn-water or water-in-oil emulsion. The formulation 
may also be in the form of a bolus, dectuary, or paste. 

A tablet mi^ be made by compressing or moulding the active ingredient, optionally with 
one or more accessory ingredients. Compressed tablets may be prepared by 
compressing, in a suitable machine, the active ingredient in a free-flowing form, sudi as 
a powder or granules, optionally mixed with a binder, hibricant, mert dihient and/or 
surface active or dispersing agent Moulded tablets may be made by moulding in a 
suitable machme a mixture of Ae powdered active ingredient and a suitable carrier or 
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exdpieat moistened whh an inert liquid (Uhieot. 

Phannaceutical formulations adapted for parenteral administration typically comprise a 
sterile aqueous or non-aqueous preparation of the active ingredient (where necessary, 
solubilised in a small amount of an appropriate organic solvent) ^^diich may contain anti- 
oxidants, buffers, bacteriostats and solutes vMcb render the formulation isotonic with 
the blood of the patient. Such formulations may also be in the fbnn of aqueous and 
non-aqueous sterfle suspensions which may include suspending agents and thickening 
agents. The formulations may be presented in unit-dose or miilti-dose containers, for 
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilised) 
condition requiring only the addition of the sterile liquid carrier, for example, water for 
injections, immediately prior to use. Extemporaneous injection solutions and 
suspensions may be prepared from sterile powders, granules, and tablets. 

Pharmaceutical formulations suitablie for administration via an angioplasty cannula are 
typically the same as those used for intravenous administratioa 

In addition^to- the aforementioned, ingredients^ the formulations may include one or 
more additional ingredients conventional in the art having regard to the type of 
formulation in question, for exa^^)le those siitable for oral administration may include 
flavouring agents. 

The compounds of the invention may be prepared by one or more of the methods 
described in WO 93/18766. WO 93/24491, and pending WO 95/07910 which are 
incorporated herein by reference. 

Preparation of 3-fl-fn-DroDvlVlH-indol-3-vlV4-flH-mdol-3-vn-l-^^ 
2.S-dihvdro-lH-pvrrDlo-2.S-diQne 

To a sohition of 3,4-bis-(lH-mdol-3-yl>l-meth)d-2,5-dihydro-l-H-pyiTolo-2,5-dione 
(2. 14g, 6.27mmol) in DMF (30ml) was added NaH (80%, 280mg). After 20 minutes at 
room temperature, propyl iodide (0.7ml) was added and the mbcture stirred ovemi^ at 
room tenq>erature. The mixture was quenched by the addition of acetic add (2ml), 
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evaporated is vacuo and chromatographed over flash silica, eluting with hexane/ethyl 
acetate (3 :1), (2:1) and (1:1). Pooling and evaporation of the appropriate fractions 
afforded the title compound as a red solid. 
Mp. 159-160^C 

The following compound was prepared by a similar method, rcpladng propyl iodide 
with 2-iodo-l,l,l-trifiuoroethane. 

f yample lA 

^,rW^X2-Triflt inrn^hv1VlH-indol-3-vn^lH>ind 
|^,pVrrnlQ-2.S-diQne 

M.p. 24TC 
Example 2 

^^UEthvl>6-^nn,lH,indQU3 -ylW1W^^ 

Triethyloxomum tetrafluroborate (3.99g) was added to a suspension of mdole-3. 
acetamide (3.48g, 20mmol) in dichloromethane (100ml) and the mbcture warmed gently 
to effect dissolution After stirring for 2 hours at room temperature, 
ethyidiisopropylamine (14ml) was added (solution A)* 

To a solution of 6-cyano-l-ctlqrlindoIe (3.4g 20mmol) in dry dichloromethane (SOml) 
was added oxal^ diloridc (1.74ml) and the sohition stirred at room temperature for 3 
hours. After evaporation of the solvent m vhcuo. and co-cvaporaiion with dry 
dichloromethane, the material was suspended in dry dichloromethane (100ml) and 
added dropwisc to sohition A at room temperature and stirred for 24 hours. 

Aqueous 10% sodium bicarbonate solution (80ml) was added, the organic layer 
separated, dried (Na2S04) and evaporated until all of the solvent had been removed. 
The resulting orange foam was taken up in a nrixture of dichloronwthane (70ml) and 
toluene (35ml), and p-tolucncsulphomc add monohydrate (4.2g) added. After stirrii« 
overnight at room tenq)crature, the red mixture was washed with 10% sodmm 
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bicarbonate solution, separated, dried (Na2S04) and evaporated. Purification by flach 
chromatography over silica, eluting with hexane/ethyl acetate (3:1), (2:1) and (1:1), 
followed by recrystallisation from ethyl acetate (1:1), gave the title compound as red 
crystals. 

Mp. 183-184*»C 
gxampte? 

General Method for the Preparation of 3 4- Bis^lH-indol-3-vn 
ipalejg 4ftbydri4es 

A solution of the 3,4.bis(l-H"indol-3-yl)-2,5-dihydro-l-methyl-lH-pyrrolo-2,5-^^ m 
10% aqueous potassium hydroxide and a co-solvent, preferably dioxane or methanol, 
was heated under reflux for 1-30 hours. When TLC analysis (Si02) revealed the 
absence of starting material, the nuxture was cooled and acidified. If the product 
precipitated at this stage, h could be isolated by filtration and optionally crystallised 
AkeniativeLy,-the.productjcodd. be extracted,, for example Auith ethyl acetate, and dien 
purified by crystallisation or cohmm chromatography over silica. Often the product 
could be used directly in the next step without purification. 

The following examples where thus prepared. 

Example ?A 

3-flH-Indol-3-vn-4-(l-f2.2.2-trifluQromethvlV lH-indol-3-vi^m^ 

After acidification, extraction and evaporation, this was used directly in the next step. 

Example 3B 

3-flH-Indol-3-vlWl-(n-proovlVlH.indQU3,vl Weic anhydride 



After acidi fic a t ion, extraction and evaporation, this was used directly in the next step. 
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Y^ . ^.r.nnn of 3- r i-Pthv1-fi-nitro.lH-mdol-3-vlV4-(HP-tolUfii^g fn^lphgPYlVlH- 
j«,<ol-^.Y^)iTr«i|wc anhydride 

To a solution of l-ethyl-6-nitroindole (2.3g, 12inmol) in dry diddoromethane (50ml) 
was added oxalyi chtoride (3inl, 3eq) and the solution stined at room temperature for 3 
hours. The solvent was removed in asiffi. co-evaporated with dry dichloromethane, 
and suspended in dry dicWoromethane (120nil). This was added slowly to a mixture of 
l-p-toluene sulphonyl indole 3-acetic add (4g. 12mmol) and ethyldiisopropylamine 
(2.2ml, 2eq) in didiloromethane (30ml) and the mixture stirred overmght at room 
temperature. A fiirther 1.1ml ethyl diisopropylamine was added and the mixture stirred 
for a fiirtho- 2 days. The mixture was washed with aqueous sodmm bicarbonate 
solution (10%), the organic layer separated, dried (Na2S04) and ev^orated. 
Chromatography over flash silica eluting with hocane/ethyi acetate (10:1), then (4:1), 
2:1), (1 : 1) and finally (1 :2) gave die product as a briglht yellow solid. 

TtTqnrote? - - - 

Preparation of 3-/l-Ethvl-6-nitro-lH-indol- 3-vlV4-f IH-indol-S-vl'tonaleic anhvdride 

Example 2 (2.3g) in methanolic potasaum lydroxide sohition (O.IM, 400ml) was 
heated under reflux for 9.5 hours. The methanol was evaporated m vacuo^ HCl (2N, 
200ml) added to give a sohition of pH 1-2, the mixture extracted with edqrl acetate 
(300ml), the organic sq»rated, washed with brine and dried (Na2S04). 
Eviration afiforded the product as a red soM 

rTeneral Methnd for the Prep aration of 3.4-bis-nH-iiidol-3-vn-2.5-dihvdro- 
m-pvTTolo-2.5 -diones from 3.4-bis f lH-indol-3-vl> maleic anhydrides 

A mixture of the 3,4-bis(lH-indole-3-yI) maldc aniiydride and an excess of aimnnmiim 
acetate.(t^calfy UI-250 .equivalents) were heated at 140"C until reaction was conqdete 
(typically 15-240 nmutes). The mbcture was then cooled, partitioned between ethyl 
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acetate and water (brine, aqueous HCl or bicarbonate solution may be used), and the 
organic phase separated. After fiirtber washings, the organic phase is dried (MgS04) 
and evaporated. The product niay then be reciystallised or pxirified by flash 
cfaromatograpliy over silica. The following examples were thus prepared. 

3-riH-Indol-3-vn^l-f2.2.2-triflubromethvlVlH-indol-3-vlV2.5-dihvdro-lH- 
pvrrolQ-2.S-dione 

Rp-lSS^C 
Example 6B 

3-nH-Indol-3-vlV4-n-(n-propvl'>-lH-indol-3-vlV2.S-dihvdro-lH-Pvrrolo-2.S-dione 
Mp. 172-I73"C 



3-ri-Ethvl-6-nitro-lH-indQl-3-vlV4-flH-indol-3 -vlV2.S-dihvdro-lH-PvrrQlo- 

M.p. 272-273'C 
Example? 

General methods for the preparation of 12.13-Dihvdro-SH-indolor2.3a1-PVTTolo 
r3 4c1carfaa2ole-S.7f<5m-dioneg 

a) To a solution of the 3,4-Bis(lH-indol-3-yl)-2,S-dihydro-lH-pyiTolo-2,S-dione 
derivative in xylene, toluene, or dioxane, or combmations thereof at 100-140°C 
was added 2,3-dichloro-S,6-dicyanobenxoquinone (l.I equivalents) and jf 
toiuenesulphonic add (0.01-1.2 equivalents). The mbcture was maintnined at 
this tenqjerature until TLC monitoring indicated that the reaction was complete 
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(usuaUy 1-60 minutes). The mixture was then cooled. If the product 
precipitated, it was isolated by filtration and recrystallisation. Otherwise sodium 
bicarbonate sohition was added and the organic layer separated, dried (Na2S04) 
and evaporated. Some examples can be purified by recrystallisation at this 
stage. Otherwise the products were purified by flash chromatography over sifica 
or basic ahimina (ehrted with hexane, ethyl acetate, acetone, THF, or 
combinations thereof). 

b) A sohition of the 3,4-bis(lH-indol-3-yl>2,5-dihydro-lH-pyrrolo-2.5-dione in a 
suitable solvent (preferably isopropanol) containing iodine (1.2eq) was 
irradiated (X. 254-350nM) for 1-7 days whilst oxygen or preferably nitrogen 
was bubbled through the solution. If the product precipiteted it was isolated by 
filtration and crystalUsed firom a suitable solvent (ethyl acetate, acetone, DMF, 
DMSO). If not, the solvent was evaporated m v»ctfP, the readue taken up in 
«hyl acetate and washed succesavdy with sodmm thiosu^hate sohition and 
sodhim bicarbonate sohition, sq)arated, dried Q^a2S04). evaporated and the 
product purified by crystallisation or flash chromatogr^lqr over silica. The 
following compounds were thus prepared. 

Example 7A 

12-Ethvl-lZ13-dnivdro-10-CTMo.SH-indol of2-3aliwrrolor3.4clcarbazole-S.7f6H)- 
dione 

M.p. >300'*C 
EamnleTB 

1 2-Propvl-12 1 3-^vdro-SH-indolor2.3 a1pvrrolor3.4c1caAa2ale-S.7f 6HV-dione 
M.p. >335»C 



I 
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12-f2.2.2-TrifluoroethvlV12.13>dihvdrn-ffl,ind olor2.3a1^ 
SJfaEfi-dioiiig 

Mp. >330^C 

Example 7D 

1 2>Ethvl- 1 2. 1 3 -dihvdro- 1 0-mtro-5H-mdolo|'2.3 a]pvrrolo r3 .4c1carfaazole» 
5.7(6HVdion? 

M.p.>300**C 

Examples 

Preparation of 13-ethvl-12,13-dihvdro>2-carboxY-SH-mdolof2.3a'|pvirolQr3.4c1> 
gftrt?ftz;Qte-5.7fffi[)-4i9ne 

A mixture of 7A (llSmg) m dioxan (20ml) and sodium hydroxide (20ml, 8N) was 
heated under reflux for 9 hours with vigorous stirring. Addificadon with cone. HCl 
fonned a yellow precipitate. Ethyl acetate (6Qm]), dioxan (30ml) and water (SQml) 
were added and the yellow-green oi^ganic lay^' separated. The aqueous layer was 
washed with ethyl acetate, the organic layers combined, dried (Na2S04} and 
evaporated to dryness. The residue was taken up in DMF (10ml), HMDS (3ml) and 
methanol (3ml) were added and the solution stirred overoight at room temperature. 
Ethanol (2nil) was added and the solvent removed ^ vacuo . Reciystallisation from 
hexane/etfayi acetate gave the tide compound as an orange solid 
NLp. >300*C. 

Prepflrat!QnQfl3-ethvi-1213-dihydrn-^.fl^i T i O- 
wfaazQM7f6P)-<iipne 

A sohxtion of (ISOmg) and 10% Pd/C (lOOmg) in DMF (100ml) was hydrogenated at 
SO atmospheres for 18 hours. The mixture was filtered through hy& , the filtrate 
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evaporated and chromatographed ovier flash silica, eludng with ethyl acetate containing 
1% triethylamine. Pooling and evaporation of the appropriate fractions afibrded the 
title compound as an orange solid, after recrystallisadon from dimethyl sulphoxide. 
M.p. >300°C 

Example 10 

Preparation of 1213>Dihvdro>3.9-dihvdrox v>ffl-mdolQr2 Ja1Pvrrolor3.4^^ 
57f6m-dione 

A mixture of I2J3-dihydro-3,9-dimethoxy-5H-indolo[23a]pyrrolo[3,4c]caibazol^^ 
5,7(6H)-4ione (66mg) and pyridine hydrochloride (SOOmg) was heated to 180**C in a 
sealed tube and maintained at 180''C for one hour. Water and ethyl acetate were added, 
the organic layer washed with dilute HCl, then brine, dried (MgS04) and evaporated. 
The residue was purified by flash chromatography over silica, duting with hexane/etfayl 
acetate (4:1), Pooling and evaporation of the appropriate fractions afiforded the 
product as an orange solid. 
Mass spec (EQ: 357 (M^ 
Mp. >300^C 

Preparation of 1243-AcetQxvpropvni2-13-dihvdro-6 -methvl>SH>indolor2^ 
p.4c1carfaazole-S.7f6HVdione 

To a solution of 3,4-bis<lH-indoM-^2.5-dihydro-l-medryl-lH-pynolo-2,5-^one 
(3.41g, lOmmol) in dry DMF (30m]) under nitrogen at O^C was added NaH (60% in 
miner al oil, 44Qmg, . 1 Immol) and the mixture stirred at room temperature for 30 
minutes. The mixture was cooled to -lO^C and 3-diloropropyiacetate (1.36g, IQmmol) 
added. The mixture was stirred overnight at room teiq)erature^ theo evaporated to 
diyness, taken up in EtOAc and washed with brine. The organic fraction was dried 
(Na2S04), evaporated and chromatographed over flash silica. Ehition with 
hexane/EtOAc (5:2) gave 3Kl-(3-acetoxypropyI)-lH-indoM-yl>4-(lH-indol-3-yl)-2,5. 
dibydro-l-methyl-lH-pyrEolo-2,S-dione as a red solid. 
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CycyUsation was eflFected according to the method described in 7a), using toluene as the 
solvent. Chromatography over silica, ehidng with hexane/EtOAc (1:1) gave the thle 
compound ( 11 ) as a yellow-green powder. 
Mp. 237-240«C 



Example 12 

Preparation of 12-f3-Hvd roxvpropvni2. 13-dihvdro-5H-indolor2,3a]pvTTQlQ 
r3.4c1caiba2ole-S.7f6m-<fiQne 

A solution of 1 1 (S09mg) in dioxan (40ml) and 10% KOH sohition (100ml) was sdrred 
at room temperature for 2 days. The mixture was neutralised with aqueous HCl and 
extracted with ethyl acetate. Chromatography over flash silica eluting with 
EtOAc/hexane (1:1), then (2:1), gave the cyclic anhydride. A mixture of the cyclic 
anhydride (387mg) and ammonhmi acetate (3.85g) was heated at HO^'C for 2 hours. 
After cooling, the mixture was diluted with water and extracted twice with ethyl 
acetate. The combined organic extracts were dried (MgS04), evaporated and 
fractionated over flash silica, ehiting with hexane/EtOAc (1:2) to gjve the title 
compound as a golden-yellow powder. 
M.p.~350^C(dcc) 

C23Hi7N3O3.0.2CH3CO2Et requires C, 71.29%; H, 4.64%; N. 10.48% 

Found C. 71.48%; H. 4.48%; N, 10.29% 

Preparation of 12-f2,3-ra hvdroxvbutvni2.13>dihvdro-5H-indolor2,3a1pvnT^l^ 
[3.4c1carf)a2ole«5.7f6HVdion^ 

To a suspension of 12,13-diiqrdro-6-methyl-SH-indolo[2,3a]pyrrolo[3,4c]carbazole» 
S,7(6H)-dione (204mg, 0.6nmio0 in diy DMF (10ml) was added 60% NaH (28.8mg, 
0.72mmol) under nitrogen and the mixture sthred at room temperature for 30 wwi^it^ 
Crotyl chloride (S8^.SpLr leq) was added and the mixture stirred at room temperature 
ovenu^ The mixture was partitioned by the addition ofaqueous HQ and EtOAc» the 
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organic layer separated, dried CMgS04X evaporated and chromatographed over flash 
silica. Ehition with hexane/EtOAc (2:1), then (3:2), gave 12-(but-2-ene), 13-dihydro-6- 
mcthyl-5H-indolo[2,3a]pyrrolo[3,4c]caibazolc-5,7(6I^one (13 A). 

A solution of 13 A (llSmg, 0.3mmol) in dioxan (5ml) and 10% KOH solution (5ml) 
was heated under reflux for 18 hours. The mixture was partitioned by the addition of 
aqueous HCl and EtOAc, the organic layer separated, dried (MgS04), evaporated and 
purified by flash chromatography over silica, eluting with hexane/EtOAc (2:1), (1:1), 
then EtOAc, affording the cyclic anhydride (13B). 

A sohition of 13B (49.4mg) in DMF (3ml). HMDS (273nL) and MeOH (25.7mL) was 
stirred overnight at room tenq)erature. A further 140mL HMDS and 13mL MeOH was 
added and stirring continued for 2 days. Aqueous HCl was added, and the resulting 
precipitate filtered off. This was purified by flash chromatogr^hy over silica, eluting 
with hexane/EtOAc (2:1), (3:2), and finally (1:1), to afford 12-(but-2-cne), 13-dihydro- 
5H-indolo[2,3a]pyrrolo[3,4clcarba2ole-5,7(6H)-dione (13C). 

To a solution of 13C (30mg, O.OSmmoI) in acetone (6ml) was added H'-methyl 
morpholine H-oxide (23.1mg, 0.1 Immol) Mowed by osmium tetroxide (1 crystal) and 
one drop of water. The mixture was stirred overaigfat at room temperature, diluted 
with acetone, absorbed onto flash silica and purified by flash chromatography over 
silica, elufing with EtOAc/hexane (3:1). This afforded the title compound (13) as a 
yellow powder. 
M.p. 285-288^C 

Anal. C24H19N3O4.O.5H2O requires C, 68.25%; H, 4.74%; H, 9.95% 

Found C. 68.27%; H. 4.55%; N, 9.78% 



PHARMACEim rAT. FORMULATION EXAMPLE 



The "active ingrediot" in the following fDrmulation example is a confound of the 
invention as defined above.. 
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Ingrejjept; 



Quantity 

lOOmg 

25.1ing 

IS.Qmg 

3.8mg 

9.0mg 

1ml 



Active ingredient 

Dipalmitoyl phosphatidylcholine 

Cholesterol 



Phosphatidylserine 
Sodhim chloride 
Water for injection 



to make 



PDGFr AutophosDhorvlatiQn Assay 

Confluent monolayers of rat aortic smooth muscle cells (AlO) were incubated in 
Dulbecco's Modified Eagles Media (DMEM) plus 0.2% foetal calf serum for 24hrs. 
After this period the cells were stimulated with PDGF in the presence or absence of 
inhibitor. The assay was tencninated by harvesting the cells on ice in a lysis buflfer. 
(5mM Tris pH8.0, 1% NP40, ISOmM NaCl). The cell lysates were prepared for 
polyaoylamide gel electrophoresis by boiling with sodhim dodecylsulphate (SDS) 
sample buffer (0.3125M Tris pH 6.8. 10% SDS, 50% glycerol 5mM dithiothreitol 
(DTT)) and separated using a discontinuous pofyacrylamide gd dectrophoresis system 
as described in Nature, 221 680 (1970), LaemdU. 

The separated phosphoiylated proteins were transferred onto nitrocdhilose membrane 
(Schdcher and SchuelL Anderman Kingston, Surrey) using an detrophoretic Western 
blotting technique based on a method described in AnaL Biochcm., UZ, 195, 
(1981)3uniette. 

The phosphotyrosine proteins were detected hnmunocytocfaemicalfy nging a mouse anti- 
phosphotyrosme monodonal 4G10 (UBI Lake Pladd, NY) foOowed by a second sheep 
anti-mouse IgG monoclonal with a radioiodinated labd (Amersham IhL, little Chalfont, 
Bucks). The proteins vmt then visualised and quantxtated uang a Phospholma^'^ 
(Molecular Dynamics Scvcnoaks* Koit). 
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When tested in this assay, representative compounds of the invention were foimd to 
significantly inh&it PDCFr tyrosine kinase at a cpncentration of l^M 
In particular, 12-<2,3-dibydroxy«l-prop^)-12,13-dilQrdro-SH-indoIo[2,3-a]pyno 
[3,4-c]-carbazole-S,7(6H)dione and I2,13-dihydro-3,9*dimetho?7-SH-indolo[2,3-a]- 
pyrrolo[3,4-c]-carbazole-S,7(6H)dione were each found to have an ICso of less than 
SQnM 
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CLAIMS 



1 . Use of coixq)ouzids of fonnula 




0) 



wherein: 



r1 andR2are independently sdected fiom: 



-0R«, -C0R6 -CO2R6, 

where r6 is Ci^ alkyl, C3.7 cydoalkyl, aiyl (for example phenyl), aiylalkyl 
(for example benzyl), alkenyi. or H, 

-NR7r8 

where r7 and R* are independently selected fiom H, -COR« (where r6 is as 
defined above). Ci.6alkyi, C3.7cydoalkyl, aiyl, and aiyialkyl. or R? and R8 
together with the N atom to which th«jy are attached fonn a 3-, 4-. 5- or 6- 
mcmbered heterocycGc ring (for example piperidine. pyrroBdme) m which from 
I to 3 of the carbon atoms are repkced by heteroatoms mdependendy selected 
from O, N and S (for example, moipholmo, piperaane) which ring m^ where 
possible be partially or complete '"Wfltiirated, and 

-Ci^alkyl, C2-4alkei^ Cs^cydoalky!, 

where the alkyl. alkenyi or cydoalkyl moiety may be optionally substituted by 
one or more sut»tituents sdected from: 
halogen, ^ano, nitro, azido. 
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-0r6 -SR6, -S02R^ (where is as defined above), 

-W^rS, -T-C(Z)-NR''r8 (where T is NH or S. Z is NH, S or 0 and R^and 

r8 are as defined aboveX 

hcterocyde, -NH-heterocyde, heteroaiyi. and aryl (for example phenjd, 
pyridyl, furji thienjd. pyrrole, naphthjd) optionally substituted by one or more 
substitucnts selected from ^R^. -NR7r8^ .sr6 -S02R^, -C02R^. nitro. 
cyano, SCN, Ci^alkyl, Cs^cycloalkyl. haloalkyl (for example 
trifluoromethyi), hydroxylalkyl. -CONH2, halogen and methylenedioxy, (where 
r6^'7» and R^ are each as defined above); 

r3 is selected finoin: 

-H, 

-C0R6 -CH2OR6, -C02R^. -0R6 (where R^ is as defined above), 

-NR'^rS, and -CH2NR''R^ (where R^ and R* are as defined above); 

r4 and R^ dther together with the carbon atom to ^ch they are attached form 
acaibonyi group (>-0) orR^ isH and r5 is sdectcd from H, -OR^ and -SR^ 
(where R^ is as defined above); 

A and B, \^ch may be the same or diflFcrent, together with the carbon atoms to 
whidi th^ are attached each represent a phenyl ring in which &om 1 to 3 
carbon atom(s) m^ be replaced by nitrogen atom(sX the nitrogen atom(s) being 
optionally substituted with an oxide group; 

A and B are optionally substituted by one or more ring substituent(s) sdected 
from: 

-C j^alkyl optionally substituted by -OR^ (where R^ is as defined aboveX 
halogen (for example tiifiuorDmetfa^, or -NR'^rB (^diere R^ and R' are as 
defined above), 

cyano, nitrp, halogen, meth^enediaQ^, 
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-0r6 -SR6 .S0R6 -CO2R6 -NHC0R6 ^ 

(where R^ is as defined above), 

-S02NR7r8^ .NHSO2R8 -CONR7r8 and .NR7r8 
(where R^ and R^ are as defined above); 

provided that when A and B together with the carbon atoms to which they are 
attached both represent a phenyl ring r3 is not -CH2OR6 or -CH2NR'7r8 and 
rings A and B are not substituted by -NHCOR^, (where R^, R^, and R^ are as 
defined above); 

or a pltysiologically functional derivative thereof or a solvate of ax^ thereof m 
the manufacture of a medicament for die treatment or prophylaxis of restenosis. 

Use according to daim 1 of a compound of fonnula Q) selected firom: 

12- (2,3-Dihydroxy.l-propyl)-12,13.dihydro-5H-indolo[2,3-a]pyTO 
cjcaibazole -S,7(€H)-dione; 

12J3-Dihydro-3,9-dimethoxy.5H-indolo[2,3-a]pyrrDlo[3,4-c] 
S,7(6H)-dione; 

12, 1 3-Dihydro-3,9-dilvdn>:^-5H-indolo[2,3-a]pyrn)lo[3,4-^^ 
5,7(6Hhdion^ 

13- Ethyl-12,13-dihydro.5H-indolo[2,3-a]pyTioIo[3,4-c]c^ 
dione; 

12K3-AminopropyI)-12J3-dihydro-5H-mdolo[2,3-a]pyirolo[3,4-c^ 
S,7(6H)-diQne; 

13H-12-Ethylpyrido[2^3^2,3]py^roIo[2,3-a]pym>Io[3.4-c]caIbazol^^^ 
diane; 
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12.13-Daydro-pyrido[2\3^2,3]pyrrolo[3,4-c]caiba2ol^^ nc; and 

12-(3-Propana2mde)-12,13-dihydK>-5H-indolo[2,3-a] 
5,7(6H)-dioiie; 

and phy^olopcally fimctional derivatives thereof and solvates of any thereof for 
use in the manu&cture of a medicament for the prophylaxis or treatment of 
restenosis. 

3. A compound of fonnula (lA) wherein: 




0) 



r1 is Hand r2 is selected fiom: 
-OR^, -C02R^' 

where is Ci^all^ C2.^alkeiryi, or H» 
^ano, 

where rT* is H and R^' is Ci^alkjd 
-C2-4^^ optionally substituted with -OR^' where R^' is as defined above; 

R^isH; 

R^ and R^ together with the carbon atom to which they are attached form a 
caibonyl group (>=0); 

A and B together with the caibon atoms to which tiiey are attached each 
r q )i esen t a phec^ ring substituted by one or more ring substituent(s) selected 
■fiom: 



-OR^, -C02R^ (where R^ is as defined above). 
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-Ci^alkyl optionaUy substituted with -0R«' (where r6' is as defined 
above), and 

where r7" and r8" are mdepenently selected from H or 

provided that when A and B are both unsubstituted^phenyl rings r2 is not ethyl 
or 2,3-dihydrD;^ropyi; 

or a physiologically fimctional derivative thereof or a soh^ of any thereof 
A compound of formula (lA) according to daim 3 selected fiom: 

12-EthyI-12, 1 3-dihydro-l 0-amino-5H-uidolo[2,3a]pym)lo[3,4c]carbazole- 
5,7(6H)-dione; 

12-Ethyl-12,13-dihydro-10-carboxy-5H-mdolo[2,3a]pyrrolo[3,4c]carbazole- 
5.7(6H)-dione; 

12-PropyI-12,13-dihydro-5H-indolo[2,3a]pyiioloP,4c]carbazole-5,7(6H)- 
dione; 

12-{2,2>Trifluoroetlv0-12.13-dihydro-5H-mdoto[2,3a]HfnoIop.4c] 
carbazole-S,7(6H)-dion^ 

12.(3-Hydroxypropyi>12,13-diIiydro-5H-indolo[2^a]pyrrolo[3,4c] 
caibazole-S.7(6H)-dione; 

I2-(2.3-Dihydroxybuty0-12,13-diIiydro-5H-indolo[2,3a]pyTTDlo[3,4c] 
caibazole-S,7(€H)-dioiie; and 

12<13-Acetoxypropy0l2,13-dilvdro-5H-indolo(2^a]i)yirolo[3,4c]^^ 
5.7(6H>dioiies 
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and physiologically fimctional derivatives thereof and solvates of any thereof 

S: A compound of formula (lA) as daimed in either Clann 3 or 4 for use m the 
treatment or propfajdaxis of restenosis. 

6. A method for the treatment of a mflmmni to prevent or aQeviate restenosis, 
which comprises the administration of a therapeitically effective amount of a 
compound of formula (J) or (lA) according to any claim from 1 to 3, or 
physiologically fimctional derivative thereof or a solvate of any thereof 

7. A pharmaceutical formulation compiiang of a conq>ound of formula (lA) as 
defined in claim 3, or a physiologically fimctional derivative thereof; or a solvate 
of any thereof and at least one pharmaceutical earner or exdpient and, 
optionally, one or more other therapeutic ingredients. 
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